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INTRODUCTION 
Overweight and obesity during childhood and adolescence are global welfare 
problems and currently approximately 81% of adolescents aged 11–17 years are 
insufficiently physically active in the world (World Health Organization, 2010). 
The recommendations for physical activity state that children and adolescents 
aged 5–17 years should do at least 60 minutes of moderate to vigorous physical 
activity (MVPA) daily and physical activity (PA) amounts greater than 60 
minutes daily will provide additional health benefits. However, the overall level 
of physical activity has decreased during the last decades in children and adole-
scents with the most evident decrease in PA during life time appears during the 
pubertal period, which is also a very sensitive period for significant changes and 
growth of the whole body. Physical activity on the other side is inversely related 
to several diseases and conditions like diabetes, hypertension, obesity etc. Low 
levels of physical activity in childhood and adolescents also contribute to lower 
motor control which makes it difficult to take part in different types of physical 
activity in the adulthood, and thus affect also negatively PA levels in adulthood. 
Therefore, studying different aspects of PA is relevant in public health perspec-
tive. However, it should be indicated that the relationship between the amount 
of PA and health is not fully understood. Body weight status may also be a 
significant contributor to the rate of change in PA during puberty. Due to the 
significant changes in PA during certain periods of life, cross-sectional mea-
surement designs may provide less reliability therefore, the information how PA 
tracks throughout puberty taking the weight status into account is of impor-
tance. 
It should also be considered that measuring PA is also complicated, 
especially in children. Although modern technologies like GPS and accelero-
metry have frequently been used in research, they also have limitations to 
certain activities and these measurements itself are relatively time-consuming. 
PA in adolescents is still nowadays frequently measured with subjective ratings, 
because these are relatively inexpensive and easy to use in larger samples. It 
should be considered, that subjective self-reports of PA may not be always 
accurate because the respondent cannot memories or quantify their previous PA. 
Furthermore, subjective ratings are not appropriate for children less than 10 
years old due to cognitive limitations. The research methods to increase the 
validity of subjective reports are still of importance to describe certain aspects 
of physical activity and parental information might increase the reliability of 
subjective ratings and therefore, the validity of the PA questionnaire. The 
general aim of the present thesis was to investigate the associations and tracking 
of subjectively and objectively measured PA and its relationship to weight 
status in pubertal boys. 
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1. REVIEW OF THE LITERATURE 
1.1. Assessment of physical activity in adolescents 
Self-report questionnaires to measure PA have been commonly used to assess 
adolescentsʼ subjective ratings of PA, because they are relatively inexpensive 
and easy to use in large sample studies (Boon et al., 2010; Corder et al., 2008). 
Self-report methods include retrospective questionnaires, interview-admi-
nistered recall, activity diaries and mail surveys (Armstrong & Welsman, 2006). 
However, it has been found that adolescents’s subjective self-report of PA may 
be invalid (Corder et al., 2008; Slootmaker et al., 2009; Trost, 2007). For 
example, it has been found that the use of self-report instruments is not 
appropriate for children less than 10 years old due to cognitive limitations; 
children cannot self-report exactly their PA (Corder et al., 2009; Trost, 2007). 
Because children’s PA is difficult to assess, parental questionnaires are some-
times recommended, although the resulting estimate of the children’s PA is less 
accurate than desirable (Telford et al., 2004). 
Modern technologies like GPS and accelerometry have frequently been used 
in research, they also have limitations to certain activities and the measurements 
itself are relatively time-consuming. Accelerometers allow objective assessment 
of PA in humans by detecting vertical and horizontal forces that apply to the 
body during movements. It is usually attached to the hip and weared for several 
days in order to collect reliable data. The ActiGraph accelerometers have been 
previously validated in laboratory and free-living conditions in young people 
(Freedson et al. 2005). However, accelrometers can not be used in water-based 
activities and they are not very reliable during different types of movement like 
skiing, cycling, skating etc. Despite those limitations accelerometers are 
commonly used in research (Grydeland et al. 2014).  
The criterion or “gold standard” approach to assess total energy expenditure 
(TEE) in a free-living context is the doubly labeled water technique. TEE is 
comprised of multiple components including physical activity energy expendi-
ture, resting energy expenditure, and the thermic effect of food. Despite PA 
being a complex and multifaceted construct measured using many approaches, 
unlike for the measurement of TEE, there is no recognized “gold standard” 
technique (Hills et al., 2014).  
Self-report questionnaires have been shown to have weak to modest 
correspondence to objectively measured PA (e.g., accelerometer) (Gwynn et al., 
2010; Machado-Rodrigues et al., 2011; Trost, 2007). There are several measure-
ment aspects that affect such comparisons, e.g., times of subjective and objec-
tive measurements may not match exactly (Ottavaere et al., 2011). Agreement 
between subjective and objective assessment of PA data may also be affected 
by the measurement period, season of the year and what model of accelerometer 
has been used. Season appears to have less influence on adolescentsʼ than 
younger children’s PA (Kolle et al., 2009). Despite such issues, accelerometers 
are a promising instruments for measuring PA in children and adolescents in 
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replacement of self-report questionnaires (Ellery et al., 2014; Martinez-Gomez 
et al., 2009; Trost, 2007).  
The widely used self-report questionnaire in adolescents is the International 
Physical Activity Questionnaire (IPAQ) and the criterion validity of the IPAQ is 
usually assessed using accelerometers; both instruments measure PA intensity 
categories in minutes per day (Boon et al., 2010; Graig et al., 2003; Lee et al., 
2011). The IPAQ instrument was developed for the use in adults from the age of 
approximately 18 years and above (Hagströmer et al., 2008). The purpose of the 
IPAQ is to provide a set of well-developed instruments that can be used inter-
nationally to obtain comparable estimates of PA. There are two versions of the 
questionnaire. The short form of IPAQ (IPAQ-SF) is suitable for use in national 
and regional surveillance systems and the long form of IPAQ (IPAQ-LF) 
provides more detailed information that is often required in research work or for 
evaluation purposes (International Physical Activity Questionnaire website).  
The results of meta-analysis have shown small-to-medium correlations 
between IPAQ and objective measurement (Kim et al., 2011). However, in a 
few studies, very low or even no correlations have been found (Hagströmer et 
al., 2008; Wang et al., 2013). The low correlations found especially among in 
younger (12–14-years old) adolescents group may be explained by several 
factors. First, the concepts used in the questionnaire might not be as easily 
understood and interpreted by the younger adolescents. As well as providing 
less accurate information, younger adolescents may also be involved in different 
types of activities that could be responsible for the low validity scores. Older 
adolescents (15–17-years old) are more likely to either participate in structured 
activity (sports) or to be sedentary, whereas the younger adolescents and 
children are more often engaged in spontaneous activities. These types of 
activities are more difficult to assess with a questionnaire.  
In general, comparisons between the results of subjective and objective PA 
activity data in adolescence have been controversial. First, subjective assess-
ment is cheaper and easier to carry out, especially when one has to confine 
oneself with retrospective assessment. And second the validity of subjective 
assessments is unclear and may vary across populations (e.g. its validity may be 
different across age groups [children vs adolescents vs adults] and BMI groups 
(obese vs normal weight). For example, it has been shon that subjective ratings 
underestimate PA as compared to objective assessment in adolescents 
(Machado-Rodrigues et al., 2011; Telford et al., 2004). The difference between 
IPAQ and accelerometer measured moderate-to-vigorous physical activity 
(MVPA) has been found to increase with higher activity and intensity levels 
(Dyrstad et al., 2014; Kim et al., 2011; Hong et al., 2012). Several studies have 
found that adolescents tend to over report their PA using IPAQ, as compared to 
accelerometer measured PA data (Boon et al., 2010; Ottevaere et al., 2011; 
Benitez-Porres et al., 2013). Furthermore, it has been found that adolescents 
tend to overreport vigorous PA (VPA) and underreport their moderate PA 
(MPA) in IPAQ-SF (Armstrong & Welsman, 2006; Lee et al., 2011; Lachat et 
al., 2008). Therefore, MVPA correlations between subjective and objective 
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methods in adolescents may be stronger than correlations separately for MPA 
and VPA. In addition, international PA recommendations for adolescents also 
focus on MVPA (World Health Organization, 2010). 
It is also important to investigate the relationships between adolescents PA, 
sedentary activities, and body mass index (BMI). Lee et al. (2015) found that 
PA and screen time in adolescents were associated with BMI. Various lifestyle 
choices, like television viewing, were also associated with overweight and 
obesity among children (Jago et al., 2010; Lee et al., 2015). In contrast, Foley et 
al. (2011) found no relationships between time spent in sedentary activities and 
weight status in children. This may be because the association between TV 
viewing and time in PA in children is small (Nilsson et al., 2009). However, it is 
also possible that measures of PA are not accurate enough to reliably charac-
terize these relationships. In addition, overweight and obese adolescents have 
been reported to provide even less accurate self-assessment of PA than normal 
weight adolescents (Slootmaker et al., 2009).  
 
1.2. Tracking physical activity in adolescents 
Tracking is usually defined as the tendency of individuals to maintain their rank 
or position of PA within a group over certain time period (Telama, 2009). Most 
tracking studies have used correlation analysis between two measurement occa-
sions as a measure of tracking change (Dumith et al., 2011; Telama, 2009). 
Another common measure, PA change (expressed as percentage of change per 
year), is of obvious interest, but it is independent of tracking as defined above 
(rank-order stability): for example, an individual may retain his or her rank-
order position when there is a mean-level change, and lack of mean-level 
change is by no means a guarantee of high rank-order stability. Commonly, the 
follow-up duration in tracking studies is longer than a year. However, it has 
been suggested that the decrease of PA can already be seen over one and two-
year period and this may be a health promotion target (Baggett et al., 2008; 
Corder et al., 2010; Nyberg et al., 2009). Telama (2009) further pointed out that 
an attention has to be paid to the adjustment of tracking correlations for diffe-
rent error variations because this may influence tracking results. 
Increasing PA, especially in young children and adolescents, is of great 
importance for the advancement of public health (Kjonniksen et al., 2008; Ny-
berg et al., 2009; Telama, 2009). It has been found that physically active life-
style starts to develop very early in childhood and that the stability of PA is 
moderate or high along the life course from youth to adulthood (Telama et al., 
2014). However, different periods of PA decline occur during the lifespan, with 
the greatest during the adolescent growth spurt (Corder et al., 2010; Dumith et 
al., 2011).  
Most PA tracking studies have used questionnaires (Dumith et al., 2011), 
with only a few have used objective methods to measure PA (Corder et al., 
2010; Kristensen et al., 2008; Nilsson et al., 2009). It is highly desirable that 
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objective methods are used in tracking studies because of their better validity 
and reliability compared to the self-report methods (Telama, 2009; Corder et al., 
2010). However, objective measurement of PA is not always feasible; com-
paring the stability of self-reports and objective methods would also be of 
interest. However, there is a lack of studies in this field, since only few studies 
have been conducted (Baggett et al., 2008; Cleland et al., 2012; Ham & Ain-
sworth, 2010). For example, Baggett et al. (2008) found that tracking of in-
activity and PA by self-report and accelerometer in middle school girls was fair 
to moderate during two-year period. The five years tracking correlations in 
adolescents (age of 12–18-years old) between self-reported physical activity 
levels and accelerometry derived minutes of MVPA per day were found to be 
small (r = 0.27) to moderate (r = 0.34) and higher correlations were found in 
girls and older (12–18-years old) adolescents (Muryhy et al., 2015). 
Decline in PA at ages 9–16 is a rather consistent finding in the literature 
(Dumith et al., 2011; Kolle et al., 2010; Kristensen et al., 2008; Kristensen et 
al., 2010). Different rates of decline have been found in children with different 
body fat proportions, with change in children with greater body fat (Corder et 
al., 2010). The studies are not entirely consistent as to whether the change is 
uniform over the whole period, or mostly concentrated to a part of it (Dumith et 
al., 2011; Duncan et al., 2007; Nyberg et al., 2009; Kwon et al., 2012).  If it is 
true, as some studies suggest (Corder et al., 2010) that the decline of PA is 
especially marked in overweight children, and consequently, tracking of 
(in)activity is in this group is higher, which is problematic for behavioural inter-
ventions as this is exactly the group where a change is the most desirable. 
Increases in inactivity are especially noticeable during childhood and adole-
scence, both in boys and girls (Janz et al., 2005; Kwon et al., 2012; Ortega et 
al., 2013). This results in an unfavourable activity profile predictive of obesity 
as well as other health concerns (Kjonniksen et al., 2008; Nyberg et al., 2009; 
Telama, 2009). 
 
 
1.3. Physical activity as predictor of overweight and 
obesity in adolescents 
Overweight and obesity during childhood and adolescence are global welfare 
problems. Being overweight or obese is one the most important risk factors for 
later cardiovascular disease and type 2 diabetes (Andersen et al., 2006; Steele et 
al., 2008). Puberty can be characterized as one of the most sensitive periods 
because there is a decrease in PA, and usually this is accompanied by weight 
gain (Riddoch et al., 2009). Lots of studies have investigated the relationship 
between PA, body composition (overweight and obesity), and in general have 
concluded that children younger than 17 years should participate in at least 60 
minutes of MVPA a day (Martinez-Gomez et al., 2010; Laguna et al., 2013) to 
gain health benefits from PA. However, it has also been recommended that at 
least 90 minutes of MVPA a day for children and adolescents is needed in order 
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to be healthy (Governmental of Canada, 2002). Despite the fact overweight and 
obesity among children and adolescents is increasing all the time, it could also 
be suggested that current PA recommendations may not be enough. There are 
studies in the literature that have shown that VPA (Martinez-Gomez et al., 
2010; Ortega et al., 2007; Moliner-Urdiales et al., 2009; Gutin et al., 2005), 
rather than MPA (Gutin et al., 2005; Ruiz et al., 2006), plays a key role in 
decreasing the risk of being overweight or obese. The relationship between 
physical activity and overweight in children and adolescents is also moderated 
by blood pressure (Torrance et al., 2007), maximal oxygen uptake (Ottevaere et 
al., 2011) cardiovascular factors (Aires et al., 2010; Wedderkopp et al., 2003). 
Ortega et al. (2007) found that those children with low levels of VPA were 
more likely to be overweight compared to those who had high levels of VPA. 
Martinez-Gomes et al. (2010) suggested in their cross-sectional study that 
approximately 20 minutes of VPA discriminated more accurately between 
normal weight, overweight and obese categories compared to 60 minutes of 
MVPA. However, longitudinal data on the relationship between PA and over-
weight at the beginning of puberty are still inconsistent, as demonstrated by 
different levels of objectively measured PA with different relationships to 
overweight (for a review, see Rauner et al. (2000). In recent years, several 
studies have focused on sedentary time and low PA as factors of overweight and 
obesity, but with controversial results. For example, in a cross-sectional study, 
Maher et al. (2012) found that sedentary time, not MVPA, was associated with 
overweight and obesity in 9- to 16-year-old subjects. Mitchell et al. (2013) 
found that sedentary time was associated with an increase in BMI independent 
of MVPA, while Kwon et al. (2013) found that MVPA had a strong relation 
with adiposity independent of sedentary time. It is still under debate how PA 
levels at the beginning of puberty predict health outcomes throughout puberty 
and in later adulthood. For example, Ekelund et al. (2012) were not able to 
confirm that baseline time in MVPA or sedentary time predicted cardiometa-
bolic outcomes in adolescents at follow-up. Studies have shown negative 
associations between MVPA and fat mass (Ness et al., 2007; Riddoch et al., 
2009), but whether these associations exist longitudinally throughout puberty is 
not fully understood (Jáuregui et al., 2012). One factor that might limit the 
cross-sectional analysis could be the decrease in PA during the period of growth 
spurt (Ortega et al., 2013), as it might not characterise the previous PA level. 
There are also very few studies that have investigated how baseline PA predicts 
body fatness changes longitudinally. Riddoch et al. (2009) demonstrated in a 
large and well-characterized group of children at the beginning of puberty that 
MVPA levels at the age of 12 are strongly and inversely associated with fat 
mass two year later. 
The studies have not always shown an effect of PA on obesity (Foley et al., 
2011; Nilsson et al., 2009). In interpreting these results one should take into 
account that while TEE of PA by definition has an effect on acute energy 
balance, the effects on obesity are not always simple or straightforward. For 
example, excess energy may be used in non-exercise activity thermogenesis 
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(NEAT) such as fidgeting or simply standing; in the same ways, increases in 
exercise physical activity may bring about decreases in NEAT (Villablanca et 
al., 2015). Similarly, it has been hypothesized that PA interventions may bring 
about a compensatory mechanism (sometimes called “activityStat”) whereby 
PA in other time segments is reduced (see Gomersall et al. 2013 for a recent 
review). PA may boost appetite and thereby increase energy intake (Dhurandhar 
et al., 2015). Other factors affecting energy balance such as eating (Blundell et 
al., 2003), sleep and stress (Razzoli & Bartolomucci, 2016) should also be 
considered. 
 
1.4. Conclusions 
In general, physical activity declines during the lifespan and increases in in-
activity are especially noticeable during childhood and adolescence, with the 
most significant decreases occurring during pubertal growth spurt. Self-report 
questionnaires to measure PA have been commonly used to assess adolescentsʼ 
subjective ratings of PA (Boon et al., 2010; Corder et al., 2008). However, it 
has been found that adolescents’s subjective self-report of PA may be invalid 
with both over- and underreporting having been indicated (Corder et al., 2008; 
Slootmaker et al., 2009; Trost, 2007). Accelerometers however, have been 
found to be a promising objective instruments for measuring physical activity in 
children and adolescents in replacement of self-report questionnaires. It is 
important to investigate the associations and tracking of subjectively and 
objectively measured PA in adolescents boys with different weight status, to 
understand what is the contribution of weight status to physical activity change 
during puberty. It must also be considered that for body composition changes, 
the amount of physical activity and the contribution of the PA intensity and 
sedentary behavior are of the greatest importance and should be the target for 
public health perspective.  
To conclude, we aim to focus on subjective and objective ratings of physical 
activity during the puberty and weight status and how physical activity tracks 
during pubertal period.   
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AIM AND PURPOSE OF THE THESIS 
The general aim of the present thesis was to investigate the association of sub-
jectively and objectively measured PA and PA relationship with weight status in 
pubertal boys. 
 
According to the general aim, the specific aims of present thesis were to: 
 
1. compare different self-report PA questionnaires with accelerometer 
measured PA data;  
2. compare the ratings of children and parent Tartu Physical Activity 
Questionnaire (TPAQ) with accelerometer based PA data in normal, 
overweight and obese boys; 
3. examine the tracking of PA between accelerometer and children and 
parental TPAQ in normal weight and overweight and obese pubertal 
boys over two-year period; 
4. examine how the fulfilment of different PA recommendations, different 
PA cut-offs and sedentary time associate with the risk of being over-
weight or obese during the puberty over the two-year period. 
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2. MATERIALS AND METHODS 
2.1. Participants and study design 
This thesis was a part of the project “Risk factors for metabolic syndrome in 
boys during pubertal development: A longitudinal study with special attention 
to PA and fitness”. This project started in 2009 when boys from 3th and 4th 
grades from Tartu and its surroundings schools were invited to participate. The 
project invitation was given to each boy of particular classes in those schools 
who agreed to participate and approximately 84% of boys agreed to take part 
(Lätt et al., 2013; Utsal et al., 2012). The initial exclusion criteria to participate 
were different health problems that did not allow the potential subjects to 
participate in physical education classes. All participants were thoroughly 
informed of the purposes and contents of the project and the written informed 
consent was obtained from the parents before participation in the project. The 
participants gave verbal assent. All participants or parents had the right to stop 
participating at any time-point of the project. This project was approved by the 
Medical Ethics Committee of the University of Tartu. 
This project had for four waves of data collection. After the first testing in 
the laboratory the participants were called back in the following three years. All 
four waves of data collections took place at approximately same time of the 
year: the first wave of data collection was from November 2009 until April 
2010, the second wave of data collection was from November 2010 until April 
2011; the third wave of data collection was from November 2011 until April 
2012 and the fourth wave of data collection was from November 2012 until 
April 2013.  
During a research day, all participants completed self-report PA question-
naires: IPAQ-SF, TPAQ for children and parents, and DSI scale. The TPAQ for 
children and their parents contained identical questions. Additionally, partici-
pants were asked to wear an accelerometer for seven consecutive days.  
The current thesis uses data from the second, third and fourth data collection 
waves as in those testings we had accelerometer based PA data and question-
naires. The number of the participants in second year was 313. For paper I, 191 
13–14-years old boys had complete data for fourth wave on accelerometer, 
IPAQ-SF, TPAQ and SDI. For paper II, 224 11–12-year old boys had the 
complete second wave data on accelerometer, children and parental TPAQ. For 
paper III, 156 12–14-year old boys had complete data for three waves (second, 
third, and fourth) of data collections on accelerometer and children and parental 
TPAQ. And for paper IV, 136 12–14-year old boys had complete data for three 
waves (second, third, and fourth) of data collections on accelerometer.  
 
 
18 
2.2. Anthropometric characteristics of the subjects 
All anthropometrical characteristics were conducted by trained researchers. 
Participantsʼ body height and body mass were obtained on the first day of the 
measurements. Body height was measured in standing position to the nearest 
0.1 cm using Martin metal anthropometer. Body mass was measured with 
minimal clothing with medical balance scale (A&D Instruments, UK) to the 
nearest 0.05 kg. BMI was calculated as the body mass divided by the square of 
body height (kg/m2). On the basis of BMI, the participants were grouped as 
normal weight, overweight and obese according to BMI cut-offs by Cole et al. 
(2000) that has been used in previous studies (Gwynn et al., 2010; Slootmaker 
et al., 2009). BMI rather than body fat percentage was used to form the weight 
categories because age-graded reference values are available for BMI. Body fat 
percent (%) was measured using the DPX-IQ densitometer (Lunar Corp., Ma-
dison, WI, USA), with the participants in light clothing and arms at both sides. 
The devise was calibrated accordingly to the suggestions of the manufacturer 
and was run in medium scan mode. The biological age of the participants was 
assessed according to self-assessment using an illustrated questionnaire of the 
pubertal stage according to the Tanner classification method which has been 
validated and used previously. The evalution of public hair was used (Ruiz et 
al., 2006; Tanner, 1962).  
 
 
2.3. Objective measurement of physical activity 
Participantsʼ objectively measured PA was assessed by accelerometer (GT1M 
ActiGraph, Monrovia, CA, USA). The accelerometer has been previously 
validated in laboratory and free-living conditions in young people (Freedson et 
al., 2005; Martinez‐Gomez et al., 2010; Martinez-Gomez et al., 2012). The 
accelerometer is compact, small (3.8 x 3.7 x 1.8cm) and light-weight (27g) 
uniaxial monitor designed to detect vertical accelerations ranging in magnitude 
from 0.05 to 2.00 G’s with a frequency of 0.25–2.50 Hz and converts the signal 
to numeric values known as activity counts (Boon et al., 2010; Freedson et al., 
2005). We used the same intensity categories as previously used in other similar 
studies (Martinez‐Gomez et al., 2010; Martinez-Gomez et al., 2012; Nilsson et 
al., 2009): sedentary time (< 100 counts per min), light PA (LPA) (> 100 counts 
per min), MPA (> 2000 counts per min) and VPA (> 4000 counts per min). 
Additionally, MVPA was calculated by summing the highest two intensity 
categories. The participants were asked to wear the accelerometer always on the 
right hip with adjustable elastic belt for seven consecutive days during waking 
hours, except during water and bathing activities. The participants received the 
accelerometer together with written and verbal instructions and practical 
demonstration on how to wear accelerometer. The accelerometer was pro-
grammed to record activity counts in 15-s epochs and non-wearing time was 
defined as ≥ 20 consecutive minutes of 0 counts and this time was not included 
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in the analysis. PA data were included for further analyses if the participants 
had accumulated a minimum of 8-h of activity data per day for at least 3 valid 
days (Martinez‐Gomez et al., 2010). Raw seven-day accelerometer data were 
downloaded into the ActiLife (light version 5.3.0) computer software for deter-
mination of activity counts and was then imported to R, statistical programme 
(R Core Team, 2010) for analysis. In the following analyses, the variables 
referring to time in activity categories were transformed to “adjusted minutes” 
(Konstabel et al., 2014) by dividing the raw minutes by wearing time and multi-
plying the resulting fraction by the average wearing time. This was done to 
avoid confounding by wearing time. Different PA thresholds (5 and 20 minutes 
per day in VPA, 60 and 90 minutes per day in MVPA) were selected according 
to the literature (Laguna et al., 2013; Martinez‐Gomez et al., 2010; Public 
Health Canada, 2002) as the thresholds that have been most frequently been 
proposed to affect overweight and obesity. 
 
 
2.4. Subjective assessment of physical activity 
2.4.1 Tartu Physical Activity Questionnaire 
TPAQ is a short self-report questionnaire that consists of 26 questions about the 
last week PA and has been used in previous studies (Harro et al., 2009; 
Wedderkopp et al., 2003). The TPAQ for children and their parents contained 
identical questions. The only difference was that the parentsʼ version was 
rephrased so that the ratings were for the child's behavior. 
In our thesis we only used those TPAQ questions that were directly related 
to sedentary time, walking/cycling and MVPA. Nineteen of the TPAQ 
questions were not directly about PA level (e.g., costs of attending the sports 
club; reasons for missing the physical education classes; does the respondent's 
best friend attend to a sports club, etc). In some cases, information from two or 
more questions was combined to make up a single variable: (Q1) walking and 
cycling (minutes per week were computed by multiplying two answers: how 
many days in a typical week did the child go to school by foot or by bike, and 
how many minutes did it take; after this, weekly minutes of going to school and 
going home from school were added); (Q2) Sport club minutes per week 
(computed analogously to Q1); (Q3) Frequency of PA (how many days in the 
previous week was the child at least moderately active for at least 30 minutes); 
the score ranged from 0 to 7; (Q4) Frequency of PA yes vs. no (at least 30 
minutes 5 times a week was the child moderately active); (Q5) Screen time 
(how many hours a day watching TV or using computer), coded as no time = 
“1”; less than 1 h = “2”; 2 - 3 h = “3”; 4–5 h = “4”; more than 6 h = “5”.  
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2.4.2 International Physical Activity Questionnaire-Short Form 
The purpose of the IPAQ is to provide a set of well-developed instruments that 
can be used internationally to obtain comparable estimates of PA. There are two 
versions of the questionnaire. The IPAQ-SF is suitable for use in national and 
regional surveillance systems and the IPAQ-LF provide more detailed infor-
mation often required in research work or for evaluation purposes (International 
Physical Activity Questionnaire website). We used IPAQ-SF that assesses PA 
of the previous 7 days (Graig et al., 2003; Lee et al., 2011). Data obtained from 
the IPAQ-SF was coded and analyzed using the IPAQ recommended guidelines 
(International Physical Activity Questionnaire website). Using the IPAQ-SF 
scoring system, the total number of days and minutes of PA were calculated for 
each participant. The IPAQ-SF records the activity of four intensity levels: 
sitting (sedentary time), walking/cycling, moderate intensity (MPA) and vigo-
rous intensity such as aerobics (VPA).  
 
 
2.4.3 Domain-Specific Impulsivity 
As a measure of self-reported inactivity, we used a subscale from DSI, 
translated with the permission of the authors (Tsukayama et al., 2012). That 
scale was developed to assess tendencies for short-term gratification at the 
expense of long-term goals and standards across six impulsivity domains, 
including exercise. The respondents were asked to rate how often they did each 
of the activities, on a scale from 0 = "Never" to 4 = "Very often". Sample items 
from the exercise subscale include "Avoiding working out (e.g., jogging, going 
to the gym, etc.)" and "Being sedentary". To the four original questions, we 
added "I prefer to move as little as possible". As the content of these as well as 
the other items in this subscale refer to being inactive or avoiding activity, we 
refer henceforth to this subscale as inactivity scale; the remaining subscales 
from the Domain Specific Impulsivity Scale were not used in the present thesis. 
The theoretical maximum of inactivity score was thus 20, however in reality, 
the options “often” and “very often” were seldom used, and almost half of the 
sample (47%) indicated a complete disagreement with all 5 items receiving thus 
a score of zero. 37% of the sample received a score between 1 and 5, and 16% 
had a score of 6 or higher. 
 
 
2.5. Statistical analyses 
All analyses for paper I, II and III were made using R-statistics (R Core Team, 
2012; R Core Team, 2014) and all analyses for paper IV were made using the 
SPSS version 17.0 for Windows (SPSS, Inc., Chicago, IL).  
Descriptive statistics of the participants were presented as means ± SD. All 
variables were checked for normality of distribution before the analysis. The 
differences in mean values were assessed by ANOVA and t-test where 
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appropriate. Pearson’s correlation and partial correlation (controlling for age 
and Tanner stage) coefficients were conducted to describe the relationships 
between variables. All variables where measurement unit were minutes (i.e., 
accelerometer measured time in intensity categories; subjective estimates of 
sedentary time, MVP and VPA from IPAQ, as well as MVPA index from 
TPAQ) were log transformed before regression analyses (i.e., log transfor-
mation was used for correlations and multiple regression; the means and SDs 
were calculated with untransformed data and expressed in minutes). 
TPAQ MVPA indexes were created based on children's and parents’ 
responses as follows. The adjusted daily minutes of MVPA were regressed on 
the questionnaires variables. The rationale behind using the MVPA index is 
twofold. First, for comparing objective and subjective assessments of PA, we 
need to express both in a comparable way; that is, items from the TPAQ need to 
be combined into a single index. Secondly, the TPAQ questionnaire variables 
had different units (minutes per week, yes/no scale, number of days per week) 
which could not be combined by just adding all items. Using regression 
weights, we combined the information from all items in an economic way, and 
at the same time made the unit of the resulting index comparable with the 
objective assessment of MVPA. The adjusted daily minutes of MVPA were 
regressed on the questionnaires variables. The rationale behind using the MVPA 
index is twofold. First, for comparing objective and subjective assessments of 
PA, we need to express both in a comparable way; that is, items from the TPAQ 
need to be combined into a single index. Secondly, the TPAQ questionnaire 
variables had different units (minutes per week, yes/no scale, number of days 
per week) which could not be combined by just adding all items. Using 
regression weights, we combined the information from all items in an economic 
way, and at the same time made the unit of the resulting index comparable with 
the objective assessment of MVPA. 
The differences between dependent correlations were assessed using a 
method developed by Steiger (1980) and implemented by Revelle (2013) and 
agreement between the questionnaires and accelerometer were assessed using 
the Bland and Altman method (Bland & Altman, 1986) as implemented in R 
package MethComp version 1.22 (Carstensen et al., 2013). 
In the paper IV, the receiver operating characteristic (ROC) curves (Hajian-
Tilaki, 2013) were used to calculate the optimal PA cut-off points for MPA, 
VPA, MVPA and sedentary time at baseline that best discriminate between 
normal weight and overweight categories. Additional analyses were performed 
to discriminate between normal weight and obese using both classifications.  
A ROC curve provides the whole spectrum of specificity/sensitivity values 
for all possible cut-offs. Sensitivity is the probability of identifying overweight 
or obese correctly. Specificity is the probability of identifying normal-weight 
children correctly. The false-positive proportions were those normal-weight 
boys who were incorrectly identified as being overweight or obese. To identify 
the best threshold, the distance between the perfect test and each sensitivity and 
one-specificity pair was calculated. 
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The area under the ROC curve (AUC) and 95% confidence intervals (CI) 
were calculated. The AUC represents the ability of the test to classify children 
correctly according to their weight/body-fat category. The values of AUC range 
from 0.5 (non-informative test) to 1.0 (ideal test). Finally, using logistic 
regression, odds ratios (OR) and the CIs for being overweight or obese at 
baseline were calculated using different PA thresholds as independent variables 
(5 and 20 minutes per day of VPA, 60 and 90 minutes per day of MVPA, and 
the threshold obtained in this study from the ROC analysis). Additionally, the 
sedentary time threshold obtained in paper IV from the ROC analysis was used. 
The OR CIs for being overweight or obese at follow-up were calculated using 
same baseline PA and sedentary time thresholds.  
Statistical significance was set at p < 0.05 for all analysis. 
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3. RESULTS 
3.1. Associations between self-reported  
questionnaires and accelerometer measured physical 
activity in adolecsent boys 
The main characteristics of the subjects are shown in Table 1. The IPAQ-SF 
MVPA showed less time as compared to accelerometer derived MVPA (respec-
tive averages 43 and 56 minutes). IPAQ-SF sedentary time also showed less 
time compared to accelerometer derived sedentary time (respective averages 
519 and 545 minutes). 
Correlations between self-reported PA questionnaires and accelerometer 
measured PA are shown in Table 2. All questionnaires were correlated with 
accelerometer measured PA; significant correlations ranged from 0.07–0.36 for 
IPAQ-SF, from 0.02 – 0.35 for children TPAQ, and from 0.13 - 0.29 for the 
DSI (inactivity scale). To investigate whether questionnaires under- or over-
estimate PA as compared to accelerometer data, paired t-test was used.  
 
Table 1. Descriptive statistics of subjects (N = 191). 
 
Mean ± SD 
Age (y) 
Body height (cm) 
Body mass (kg) 
BMI (kg/m²) 
13.99 ± 0.69 
169.19 ± 9.11 
60.49 ± 17.05 
20.92 ± 4.66 
Accelerometer measured PA 
Sedentary time (min/d) 
LPA (min/d) 
MPA (min/d) 
VPA (min/d) 
MVPA (min/d) 
Steps (counts/min) 
Valid time (min/d) 
545.2 ± 56.08 
167.68 ± 39.58 
37.39 ± 15.66 
18.98 ± 14.71 
56.37 ± 25.03 
8021.95 ± 3010.04 
769.25 ± 108.86 
IPAQ-SF 
Sedentary time (min/d) 
Walking (min/d) 
MPA (min/d) 
VPA (min/d) 
MVPA (min/d) 
519.22 ± 107.74 
21.25 ± 28 
15.51 ± 15.42 
27.60 ± 23.73 
43.02 ± 28.99 
Child TPAQ 
TPAQ MVPA index (min/d) 
Walking/cycling (min/d) 
Screen time (1–5) 
59.71 ± 9.14 
43.14 ± 40.40 
3.29 ± 0.81 
DSI 
Inactivity scale (0–20) 2.47 ± 3.11 
Body mass index (BMI); Domain-Specific Impulsivity (DSI); International Physical 
Activity Questionnaire-Short Form (IPAQ-SF); light physical activity (LPA); moderate 
physical activity (MPA); moderate to vigorous physical activity (MVPA); physical 
activity (PA); Tartu Physical Activity Questionnaire (TPAQ); vigorous physical activity 
(VPA); standard deviation (SD). 
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We found that IPAQ-SF underestimates MVPA compared to accelerometer 
derived MVPA (mean difference - 13.44; t (186) = -5.46, p < 0.0001). This 
underreporting was more marked in active boys, whose daily MVPA was at 
least 60 minutes (mean difference - 31,5; t (72) = 8.3, p < 0.0001), and was not 
significant in less active boys (mean difference - 1.9; t (113) = 0.68, p = 0.50). 
The TPAQ MVPA index slightly overestimates MVPA compared to accelero-
meter derived MVPA (mean difference 3.11; t (183) = 1.81, p = 0.072).  
Agreement between the PA questionnaires and objective PA was also assessed 
using the Bland and Altman method (Bland & Altman, 1986). In Figure 1, the 
Bland and Altman plots for MVPA indicate that higher physical activity resulted 
in less accurate estimation of IPAQ-SF derived MVPA compared to accelero-
meter derived MVPA (r = - 0.14, p < 0.05). Furthermore, in Figure 2 the Bland 
and Altman plots for MVPA indicate that higher physical activity also resulted in 
smaller underestimation of TPAQ derived MVPA compared to accelerometer 
derived MVPA (r = 0.78, p < 0.0001). Sedentary time prediction did not depend 
on activity categories (R = - 0.06, p = 0.4) (Figure 3). 
The best regression model using TPAQ items as predictors of MVPA included 
TPAQ screen time and TPAQ walking/cycling (R2 = 0.16, N = 187, p < 0.0001). 
Time spent in sport clubs was not predictive of MVPA when controlled for screen 
time, even though there was a correlation between MVPA and time spent in sport 
clubs. Adding DSI inactivity scale to the model including TPAQ screen time and 
walking/cycling as predictors, increased the R2 to 0.19 (p < 0.0001). 
TPAQ screen time was the only significant predictor of accelerometer mea-
sured LPA. The best model for predicting sedentary time included two predictors: 
TPAQ screen time and IPAQ walking (R2 = 0.135). IPAQ sedentary time was not 
significant in the model after controlling for screen time and walking. 
 
 
Figure 1. Bland and Altman plot with difference in mean time spent in MVPA for the 
IPAQ-SF and accelerometer.  
Accelerometer (GT1M=Actigraph model with that name); International Physical Acti-
vity Questionnaire (IPAQ); moderate to vigorous physical activity (MVPA); In the 
Bland and Altman plot, difference between two measurements is plotted against their 
mean. Mean and 95% confidence intervals of the difference are shown with blue lines. 
If there is no bias (in this case, over- or underestimating), then mean error should be 
close to zero. In addition, most measurement points should ideally be within the 95% 
confidence limits of the mean error (that is, within the lower and the upper blue line). 
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Figure 2. Bland and Altman plot with difference in mean time spent in MVPA for the 
TPAQ and accelerometer. 
Accelerometer (GT1M=Actigraph model with that name); moderate to vigorous 
physical activity (MVPA); Tartu Physical Activity Questionnaire (TPAQ). In the Bland 
and Altman plot, difference between two measurements is plotted against their mean. 
Mean and 95% confidence intervals of the difference are shown with blue lines. If there 
is no bias (in this case, over- or underestimating), then mean error should be close to 
zero. In addition, most measurement points should ideally be within the 95% confidence 
limits of the mean error (that is, within the lower and the upper blue line). 
 
 
 
Figure 3. Bland and Altman plot with difference in mean time spent in sedentary time 
for the IPAQ-SF and accelerometer. 
Accelerometer (GT1M=Actigraph model with that name); International Physical 
Activity Questionnaire (IPAQ). In the Bland and Altman plot, difference between two 
measurements is plotted against their mean. Mean and 95% confidence intervals of the 
difference are shown with blue lines. If there is no bias (in this case, over- or 
underestimating), then mean error should be close to zero. In addition, most 
measurement points should ideally be within the 95% confidence limits of the mean 
error (that is, within the lower and the upper blue line). 
 
 
 
For finding an optimal prediction model of PA, we used multiple regressions. 
First, we regressed accelerometer MVPA on all variables derived from IPAQ. 
The results are shown in Table 3. IPAQ self-reported VPA and MPA, as well as 
27 
walking and sedentary time predicted objective MVPA (all regression coefficients 
were statistically significant), even though the R-square was modest (0.26). 
Adding TPAQ screen time to the prediction increased R-square to 0.29; in that 
model, TPAQ screen time was a significant predictor, while IPAQ sedentary time 
was not significant at 0.05 levels. Adding any other items from TPAQ, or the 
TPAQ MVPA index, or inactivity scale did not improve the prediction. 
 
 
Table 3. Multiple regression models for predicting MVPA from IPAQ-SF variable. 
 
 b SE(b) t p 
(Intercept) 5.81 1.00 5.83 < 0.0001 
IPAQ-SF VPA (min/d) 0.09 0.03 3.39 0.0009 
IPAQ-SF MPA (min/d) 0.06 0.03 2.08 0.0386 
IPAQ-SF walking (min/d) 0.13 0.03 4.91 < 0.0001 
IPAQ-SF sedentary time (min/d) -0.41 0.16 -2.66 0.0086 
International Physical Activity Questionnaire-Short Form (IPAQ-SF); moderate 
physical activity (MPA); probability level (p); regression weight (b); standard error of 
the regression weight [SE(b)]; value of the t-statistic (t); vigorous physical activity 
(VPA). All variables were log transformed before analysis. Model coefficient of 
determination (R2) was 0.26, N = 181, p < 0.0001. R2 for the model including only VPA 
and MPA as predictors was 0.11. 
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3.2. Associations between TPAQ and accelerometer 
measured physical activity in adolecsent boys with 
different BMI 
The main characteristics of the subjects of different weight categories and their 
parentsʼ ratings on PA are shown in Table 4.  
 
 
Table 4. Descriptive statistics for all measurments of subjects (mean ± SD). 
 
Body mass index (BMI); light physical activity (LPA); moderate physical activity 
(MPA); moderate to vigorous physical activity (MVPA); physical activity (PA); Tartu 
Physical Activity Questionnaire (TPAQ); vigorous physical activity (VPA); standard 
deviation (SD). For variables grossly deviating from normality, indicated with asterisk 
(*), median and quartiles (i.e., 25th, 50th, and 75th percentile) are shown instead of mean 
and standard deviation. 
 
  Total Sample  Normal Weight  Overweight/Obese  
(n = 224) (n = 171) (n = 53) 
Age (y) 
Body height (cm) 
Body mass (kg) 
BMI (kg/m²) 
12.17 ± 0.75 
154.17 ± 8.18 
47.36 ± 13.62 
19.7 ± 4.29 
12.16 ± 0.74 
153.04 ± 7.93 
41.73 ± 6.88 
17.72 ± 1.74 
12.19 ± 0.78 
157.83 ± 7.97 
65.52 ± 14.15 
26.09 ± 3.8 
Tanner stage (Ns for each category)
1/2 /3 /4 /5 /6 6 /82 /111/24/1/0 5/62/ 86/ 17/ 1/ 0 1/ 20/ 25/ 7/ 0/ 0 
Accelerometer measured PA 
Sedentary time (min/d) 
LPA (min/d) 
MPA (min/d) 
VPA (min/d) 
MVPA (min/d) 
Total PA (counts/min) 
Valid time (min/d) 
524 ± 56 
225 ± 42 
49 ± 17 
17 ± 13 
66 ± 25 
469 ± 142 
816 ± 78 
520 ± 56 
226 ±43 
50 ± 17 
19 ± 13 
69 ± 26 
486 ± 147 
819 ± 79 
538 ± 52 
221 ± 40 
45 ± 16 
11 ± 7 
57 ± 21 
413 ± 111 
806 ± 77 
Child TPAQ 
TPAQ MVPA index (min/d) 
Sport club (min/wk) (quartiles)* 
Walking/cycling (min/wk)* 
Frequency of PA (0–7) 
PA ≥ 5 times a week (% yes) 
Sport club (% yes) 
Screen time (1–5) 
67 ± 8 
98/240/360 
0/250/500 
3.97 ± 1.39 
73 
79 
3.15 ± 0.82 
67 ± 8 
120/240/360 
0/250/500 
4.11 ± 1.36 
71 
82 
3.15 ± 0.81 
64 ± 8 
0/180/270 
25/350/500 
3.55 ± 1.39 
77 
70 
3.17 ± 0.85 
Parental TPAQ 
TPAQ MVPA index (min/d) 
Sport club (min/wk) (quartiles)* 
Walking/cycling (min/wk)* 
Frequency of PA (0–7) 
PA ≥ 5 times a week (% yes) 
Sport club (% yes) 
Screen time (1–5) 
66 ± 7 
60/180/270 
124/295/500 
4.03 ± 1.25 
63 
76 
3.04 ± 0.7 
67 ± 7 
90/180/330 
70/250/500 
4.08 ± 1.27 
68 
79 
2.99 ± 0.7 
65 ± 7 
0/120/270 
200/375/750 
3.87 ± 1.18 
45 
68 
3.2 ± 0.69 
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The children's TPAQ MVPA index was higher in normal weight group: the 
means were 67.3 and 64.2, respectively for normal, overweight and obese 
groups (t = 2.4, p = 0.02, Cohen's d = 0.37). For parental TPAQ MVPA index, 
the means were 66.6 minutes per day (normal weight group) and 65.0 minutes 
per day (overweight/obese group) (t = 1.4, p = 0.15, d = 0.23). The respective 
means for accelerometer-measured MVPA were 69.5 minutes per day (normal 
weight) and 56.6 minutes per day (overweight and obese group), and the 
difference was significant (t = 3.7, p < 0.0001, d = 0.51). A Welch correction 
was used in the above t-tests but the results using the classical t-test led to iden-
tical conclusions. Correlations between TPAQ MVPA indexes and accelero-
meter measured MVPA are listed in Table 5.  
 
 
Table 5. Pearson correlations between TPAQ MVPA index and acceleromerer mea-
sured MVPA. 
 
r 95% CI p df 
Child TPAQ MVPA index (min/d) vs 
MVPA (min/d)  0.28 0.16; 0.40 0.0000 222 
Normal weight group 0.18 0.03; 0.32 0.0189 169 
Overweight/obese group 0.59 0.38; 0.74 0.0000 51 
(Difference between groups) z = 3.07, p<0.001  
Parental TPAQ MVPA index (min/day) vs 
MVPA (min/d) 0.30 0.18; 0.42 0.0000 222 
Normal weight group  0.27 0.12; 0.40 0.0004 169 
Overweight/obese group 0.40 0.14; 0.60 0.0032 51 
(Difference between groups) z = 0.92, p=0.36  
Child TPAQ MVPA index (min/d) vs 
parental TPAQ MVPA index (min/d) 0.54 0.44; 0.62 0.0000 222 
Normal weight group  0.52 0.40; 0.62 0.0000 169 
Overweight/obese group 0.56 0.34; 0.72 0.0000 51 
(Difference between groups) z = 0.33, p=0.74  
Confidence intervals (CI); correlation coefficient (r); degree of freedom (df); (moderate 
to vigorous physical activity (MVPA); probability level (p); Tartu Physical Activity 
Questionnaire (TPAQ).  In each block, the first line indicates the correlation in the total 
sample, followed by correlations in subgroups, and a test comparing the correlations 
within subgroups.  
 
 
Children's and parental TPAQ MVPA indexes were compared by means of a 
Bland-Altman plot (Fig. 4). The mean difference between the two indexes was 
0.33 minutes, with standard error of the difference being 7.6, and 95% limits of 
agreement ranging from – 14.8 to 15.4 minutes.  
To investigate the possible seasonal effects in MVPA, a “time of measure-
ment” (TOM) index was calculated as the absolute difference in days between 
the first day of accelerometer recording and the winter solstice. The TOM index 
was not significantly correlated with TPAQ MVPA indexes and was weakly 
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correlated with accelerometer derived MVPA (r = 0.19, p < 0.003, 95% CI: 
0.06, 0.31). The data were divided into two categories based on the time of 
measurement: “winter” (measurement within less than 60 days from the winter 
solstice, that is, the TOM index < 60), and “spring/autumn” (TOM index ≥ 60). 
In both BMI groups, as well as in the total sample, the correlation between 
accelerometer measured MVPA and the children's TPAQ MVPA indexes was 
slightly lower in winter (Fig. 5) however the differences were not statistically 
significant. Furthermore, the correlation between accelerometer measured 
MVPA and the parents TPAQ MVPA indexes was slightly lower in winter. 
 
 
 
Figure 4. Bland-Altman plot comparing MVPA indexes computed from children’s and 
parent TPAQ. 
Moderate to vigorous physical activity (MVPA). In the Bland and Altman plot, 
difference between two measurements is plotted against their mean. Mean and 95% 
confidence intervals of the difference are shown with blue lines. If there is no bias (in 
this case, over- or underestimating), then mean error should be close to zero. In 
addition, most measurement points should ideally be within the 95% confidence limits 
of the mean error (that is, within the lower and the upper blue line). 
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Figure 5. Pearson correlation between accelerometer measured MVPA and TPAQ 
MVPA index in pubertal boys with different BMI. 
Correlation coefficient (r); moderate to vigorous physical activity (MVPA). 
 
 
Sedentary time was different across weight groups: the means were 519.8 in the 
normal weight group and 538.3 in the overweight and obese group (t = - 2.2, p = 
0.03, d = 0.33). 
Sedentary time (as adjusted minutes) was predicted using two variables: the 
TPAQ MVPA index and an additional question from the TPAQ screen time. 
The results of multiple regressions are shown in Table 6, separately for 
children's and parental TPAQ MVPA index. Both screen time and TPAQ 
MVPA index were significant predictors of sedentary time for both children's 
and parental MVPA estimates. Sedentary time was better predicted by parental 
than children's TPAQ data: R2 for the two models were 0.08 and 0.06. 
Sedentary time was better predicted in the overweight and obese than the 
normal weight group: R2 of the models including both screen time and TPAQ 
MVPA index were 0.16 and 0.04 using children's TPAQ, and 0.13 versus 0.06 
using parental TPAQ.  
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Table 6. Models predicting sedentary time (adjusted minutes) from TPAQ screen time 
and TPAQ MVPA index (unstandardized regression coefficient). 
 
  
b SE(b) p ΔR2 
Model Statistics R2 for models in 
subgroups 
R2 p Normal 
weight 
Over-
weight / 
Obese 
Child TPAQ 
Intercept 566.3 35.1 < 0.001   
screen time (min/d) 10.34 4.51 0.022 0.04   
MVPA index (min/d) -1.12 0.44 0.011 0.03 0.06 <0.001 0.04 0.16 
Parental TPAQ 
Intercept 570.56 38.61 < 0.001   
Screen time (min/day) 16.28 5.11 0.007 0.05   
MVPA index (min/d) -1.45 0.51 0.005 0.03 0.08 <0.001 0.06 0.13 
Change in R2 (ΔR2); coefficient of determination (R2); moderate to vigorous physical 
activity (MVPA); probability level (p); regression weight (b); standard error of the 
regression weight [SE(b)]; Tartu Physical Activity Questionnaire (TPAQ). 
 
 
 
3.3. Tracking of physical activity between accelerometer 
and TPAQ in pubertal boys with different BMI 
The main characteristics of the subjects over three testing points are shown in 
Table 7. Mean body height, body mass and BMI increased and body fat (%) 
decreased significantly (p < 0.001) over two-year period in total sample. Only 
in overweight and obese boys, there was no change in BMI over two years.  
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Over the two-year period, sedentary time (% of time) increased and LPA, MPA 
and MVPA decreased significantly (p < 0.05) in total sample as well as in both 
weight groups. There was an increase in VPA in overweight and obese group 
when comparing second wave (T1) and third wave (T2) (on the average, 12 and 
16 minutes, respectively, p = 0.04), but it appears to have levelled off by T2 
(mean = 15). In the overweight and obese group, there was an increase in VPA 
when comparing T1 with either T2, or fourth wave (T3). (The respective means 
were 12, 16, and 15 minutes per day; p < 0.05 using paired t-test.) The changes 
in objectively measured PA are shown in Figure 6.  
 
 
 
Figure 6. Objectively measured PA changes between sedentary PA, Light PA and 
MVPA.  
Fourth wave (T3); moderate to vigorous physical activity (MVPA); physical activity 
(PA); second wave (T1); third wave (T2).  
 
 
TPAQ MVPA indexes based on parental TPAQ decreased significantly (p < 
0.01) over-two-year period; the corresponding indexes based on children’s 
TPAQ were not significantly different.  
Tracking correlations (T1-T3, T1-T2, and T2-T3) in total sample, normal 
weight and overweight and obese boys of objectively measured PA, TPAQ 
MVPA indexes and body parameters are given in Table 8. All tracking corre-
lations were significant (p < 0.05) in both BMI boys groups, except for the 
following three correlations in the overweight and obese group: the T1-T2 
correlations for untransformed sedentary time, and MVPA index, and the T2-T3 
correlation for untransformed minutes of sedentary time. The correlations 
between proportions of sedentary time tracked better than untransformed minute 
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correlations of sedentary time in both BMI groups (paralleled by a decrease in 
wearing time in two years). 
T1-T3 tracking correlations of BMI and MVPA in both BMI groups are 
shown in Figure 7. 
 
 
Figure 7. Tracking of BMI (left panel) and MVPA (right panel). 
Body mass index (BMI); moderate to vigorous physical activity (MVPA); second wave 
(T1); fourth wave (T3). 
 
 
The correlations between TPAQ MVPA indexes based on parent TPAQ were 
higher than those based on boysʼ TPAQ, in both BMI groups, and for all three 
intervals (T1-T3, T1-T2, and T2-T3). The two-year tracking correlation (T1-T3) 
was also higher for TPAQ MVPA parental index as compared to accelerometer 
derived MVPA (the respective r’s were 0.58 and 0.47). The tracking correla-
tions were, in general, not significantly different across BMI groups (Table 8). 
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3.4. Physical activity levels and sedentary time as 
predictors overweight and obesity in  
boys during pubertal period 
The main characteristics of the subjects are shown in Table 9. At follow-up, the 
boys had significantly higher values for all anthropometrical ckaracteristics. 
MPA, MVPA and total PA were significantly decreased, while sedentary time 
was significantly increased compared to baseline value. VPA did not change 
significantly compared to baseline. Pearson and partial correlation coefficients 
between BMI and PA levels in baseline are shown in Table 10.  
 
 
 
 
Table 9. Descriptive characteristics and physical activity levels of subjects during the 
study period (n = 136) in study. 
 
 Baseline Follow-up 
 Mean ± SD Mean ± SD 
Age (y) 
Height (cm) 
Weight (kg) 
BMI (kg/m) 
Obese (%) 
Overweight (%) 
Sedentary time (min/d) 
MPA (min/d) 
VPA (min/d) 
MVPA (min/d) 
Total PA (counts/min) 
Tanner stage 
1/2/3/4/5 
11.9 ± 0.7 
153.7 ± 8.2 
49.0 ± 16.0 
20.4 ± 5.0 
16.9 
33.8 
542.2 ± 72.3 
46.9 ± 16.0 
16.4 ± 13.2 
63.2 ± 25.4 
444.7 ± 143.4 
2.6 ± 0.7 
5/50/69/12/0 
13.9 ± 0.7* 
168.2 ± 8.8* 
61.5 ± 19.1* 
21.5 ± 5.3* 
14.7 
30.9 
579.3 ± 91.9* 
37.1 ± 15.0* 
18.0 ± 15.1 
55.1 ± 25.4* 
387.6 ± 155.7* 
4.0 ± 0.8* 
0/3/33/59/39 
Body mass index (BMI); moderate physical activity (MPA); moderate to vigorous 
physical activity (MVPA); physical activity (PA); standard deviation (SD); vigorous 
physical activity (VPA); Overweights include also obese subjects *significantly 
different from baseline, p<0.05. 
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Table 10. (a) Pearson correlations and partial correlations controlled for age and (b) 
Tanner stage between PA and BMI at baseline (n = 136). 
 
 BMI (kg/m2),r p-Value 
(a)   
Sedentary time (min/d) 
MPA (min/d) 
VPA (min/d) 
MVPA (min/d) 
0.128 
-0.152 
-0.317* 
-0.260* 
0.144 
0.082 
<0.001 
0.003 
(b)   
Sedentary time (min/d) 
MPA (min/d) 
VPA (min/d) 
MVPA (min/d) 
0.137 
-0.157 
-0.318* 
-0.264* 
0.121 
0.074 
<0.001 
0.002 
Body mass index (BMI); correlation coefficient (r); moderate physical activity (MPA); 
moderate to vigorous physical activity (MVPA); probability level (p); vigorous physical 
activity (VPA); *p<0.05. 
 
 
ROC analysis using BMI categories (Table 11) indicated that VPA (p < 0.003) 
and MVPA (p < 0.036) significantly discriminated between normal weight and 
overweight, and between normal weight and obese subjects, whereas MPA (p > 
0.102) and sedentary time (p > 0.078) did not discriminate between BMI cate-
gories. The significant cut-off values for VPA and MVPA associated with 
normal weight were 10–14 minutes per day and 55–59 minutes per day respec-
tively. From the results of ROC analyses, the thresholds according to this study 
were set at 59 minutes per day MVPA with the inclusion of at least 14 minutes 
per day of VPA for being overweight (38.6% of the subjects met this criteria) 
and 55 minutes per day MVPA with at least 10 minutes per day of VPA for 
being obese (52.3% met this criteria). In addition, a sedentary time threshold of 
540 minutes per day was used as the result of ROC analysis.  
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4. DISCUSSION 
4.1. Comparison of IPAQ-SF and two other physical activity 
questionnaires with accelerometer in adolescent boys 
MVPA estimates from IPAQ-SF and TPAQ, as well as DSI Inactivity scale 
were moderately correlated with accelerometer derived MVPA. Pubertal boys 
underreported their MVPA using IPAQ-SF; however, TPAQ MVPA index 
overestimated MVPA compared to the accelerometer derived MVPA.  
PA guidelines usually set a desired value in terms of daily or weekly minutes 
of PA – MPA, VPA, or MVPA. A common use of PA questionnaires is eva-
luating how well an individual or a group conforms to the guidelines. From the 
three above mentioned criteria, objective MVPA was best predicted by ques-
tionnaires, followed by VPA and MPA. One can speculate that VPA is easier to 
estimate subjectively, as it usually means relatively short episodes of effort that 
are clearly separated from other activities (e.g., a game of basketball, or a bout 
of running). In contrast, the upper and lower thresholds of MPA, and the lower 
threshold of VPA are not as clear intuitively; thus, the total minutes in MPA, as 
well as VPA are more difficult to estimate using a questionnaire. In addition, 
self-estimated MVPA is, in most cases, a sum of two estimates, and can thus be 
more reliable estimation than its individual components (random errors in each 
of the component may cancel each other out). 
We also found that MPA and VPA, as well as MVPA were correlated with 
several variables derived from questionnaires, including sedentary time, screen 
time, and walking. For example, IPAQ-SF walking and sedentary time together 
contributed more to the prediction of MVPA than IPAQ-SF MPA and VPA. A 
significant proportion of MPA may be brisk walking which may be omitted 
from self-reports of MPA, being counted as “walking”, especially because 
walking is a separate category in IPAQ. Self-reported sedentary time is nega-
tively associated with MVPA; this is evidently an indirect association (more 
sedentary time means less time available for being physically active) which is 
statistically significant only because the other self-reported PA variables have 
imperfect reliability. Here, one should take into account that there is no one-to-
one correspondence between the activity categories in subjective estimates, and 
those in objective measures. For example, brisk walking may be MPA when 
measured objectively, but it classifies as walking in IPAQ-SF. The behaviours 
that are reported as walking in IPAQ-SF may include some LPA or possibly 
even below that threshold, but walking is definitely not the only activity in the 
LPA. Thus, when estimating actual PA from questionnaires, it can be useful to 
take into account several different kinds of information that was recorded, not 
just the specific question about the intensity category that one wants to predict. 
Sedentary time was more difficult to predict than PA in the current investi-
gation. In the best regression model, it was predicted by screen time and 
walking (negative correlation). Inexactness of accelerometer derived sedentary 
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time estimate may have contributed to following: we could only use a heuristic 
approximation for separating sleeping and nonwear time from sedentary time. 
In addition, sedentary time is probably difficult to estimate subjectively, as it 
consists of many episodes dispersed throughout the day. The fact that a more 
specific questionnaire item (screen time) was a better predictor of sedentary 
time (r = 0.31) than an overall sedentary time estimate from IPAQ-SF (r = 0.16) 
may reflect this cognitive difficulty. 
The best predictor of LPA in our thesis was screen time – this was obviously 
a negative predictor. This makes sense considering that LPA and sedentary time 
together make up the largest proportion of time, thus if one of them increases, 
the other is likely to decrease. For example, in two-year-old boys in IDEFICS 
study (Konstabel et al., 2013) had, on the average, 400 daily minutes of LPA, 
and 200 minutes of sedentary time. At 10 years of age, however, they spent 
about 350 minutes in both sedentary time and LPA. Fourteen-year-old boys in 
our thesis had, on the average day, 168 minutes of LPA, and 545 minutes of 
sedentary time. This dramatic decrease in LPA is likely to play a bigger role in 
energy balance than small changes in MVPA, and indicates that the importance 
of LPA may be underestimated in PA guidelines.  
The PA recommendation is at least 60 minutes MVPA per day (World 
Health Organization, 2010). If questionnaires are used to evaluate the con-
formance to guidelines, we need accuracy in addition to mere correlation agree-
ment. We found that boys underreported their MVPA in IPAQ-SF as compared 
to accelerometer (respective averages 43 and 56 minutes). This is in contrast to 
other study where overreporting was found (respective average 66 and 34 minu-
tes) (Hagströmer et al., 2008). Our study confirmed the finding that differences 
between self-reported and accelerometer measured MVPA are higher with 
higher activity levels (Dyrstad et al., 2014; Hong et al., 2012; Kim et al., 2011); 
this result makes sense as more active participants probably have a more varied 
pattern of activities and, as a result, the total volume of MVPA is more difficult 
to estimate. We found that standard error of the difference is larger in more 
active boys – that is, self-reports (using IPAQ) of PA may be usable in inactive 
boys, but they are less useful in more active boys. There may be several reasons 
for this, one being that in more active boys, PA is more varied therefore, 
estimating the total time in PA is a more difficult task for them, and forgetting 
something is more likely. We also found that to be true for bias: under-
estimation in self-reported MVPA was only significant in active boys (MVPA  
60 minutes). This reduces the conflict with earlier studies which have found 
overestimation for IPAQ-SF: for example, in one study (Wang et al., 2013) the 
mean daily MVPA was 34 minutes, compared to 56 minutes in our study. The 
TPAQ MVPA index slightly overestimated accelerometer derived MVPA; the 
likely reason for this is that the index was calibrated against data from a pre-
vious (more physically active) year. 
IPAQ-SF walking cannot be treated as an estimate of LPA – this would be 
an immense underestimation of about 147 daily minutes. In IPAQ-SF, the 
respondents are instructed to count only the episodes of walking lasting at least 
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10 minutes – this may be one source of discrepancy. On the other hand, LPA 
includes several different activities besides walking (e.g., many leisure-time 
activities), that may be difficult to count and ask in a questionnaire. IPAQ-SF 
underestimated sedentary time compared to accelerometer (mean difference 
about 25 minutes). Taken together with low intercorrelation (r = 0.19), this 
indicates that IPAQ-SF sedentary time is not a reliable estimate of actual seden-
tary time, even though the mean differences might not be large.  
Based on our results, we would recommend using all IPAQ-SF items, not 
just the sum of MVP and VPA, to predict MVPA. IPAQ-SF walking and seden-
tary time contributed more to the prediction than the two PA variables. IPAQ-
SF walking cannot be treated as an estimate of LPA – firstly, it probably in-
cludes some amount of MPA, and secondly, most of LPAs are not included. 
The unique contribution of TPAQ was mostly confined to the screen time 
item; other information may be derived from IPAQ-SF. Nevertheless, TPAQ 
MVPA index, based on a linear combination of 5 different variables, was a 
reasonable predictor of MVPA. One has to take into account the fact that also in 
our study, TPAQ was self-administered, whereas assistance was provided with 
IPAQ-SF. Activities with few episodes in a day and with typically clear end and 
beginning (such asVPA, or, to some extent, screen time) are cognitively easier 
to estimate than activities that may occur in several short episodes dispersed 
over the day (such as sedentary time). If the respondent has to make big genera-
lizations (e.g., estimating the total walking or sedentary time), the results are 
likely to be less useful. 
In conclusion, none of the PA questionnaires can be used as a reliable esti-
mate of MVPA at an individual level in pubertal boys. In previous analyses, 
over-reporting of MVPA has been found in IPAQ-SF; the opposite was found in 
our sample. Using IPAQ-SF for describing average population levels of acti-
vity, one should use a combination of self-reported minutes of MVPA and 
walking. 
 
 
4.2. Association of subjective ratings to objectively 
assessed physical activity in pubertal boys with  
different BMI 
Based on previous results in the literature (Trost, 2007; Gwynn et al., 2010; 
Machado-Rodrigues et al., 2011), a modest correlation was expected between 
MVPA assessed by PA questionnaire and accelerometer. There was no specific 
hypothesis as to which source of ratings would be more “accurate,” as both self-
reports and parent reports have been found to be inaccurate estimates of objecti-
vely measured PA (Telford et al., 2004); nevertheless, both are often used in 
assessing children's PA. 
The results showed modest correlations between TPAQ indexes of MVPA 
and objective assessments; parent TPAQ were not better predictors of objective 
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MVPA than boys self-reports. The proportion of sedentary time could be pre-
dicted from just one questionnaire item (TPAQ screen time); the TPAQ MVPA 
index increased the prediction of sedentary time both in children and parent 
TPAQ. The correlations were, however, weak (or weak to moderate using 
parent TPAQ), similarly to previous study (Affuso et al., 2011). Sedentary time 
was better predicted using parent TPAQ than children TPAQ. 
Previous studies have indicated that overweight and obese participants may 
overestimate their level of PA. For example, Buchowski et al. (1999) found that 
with increasing body fatness people significantly overestimated the duration of 
VPA. Stootmaker et al. (2009) found relative overreporting of VPA in over-
weight adults: they reported more VPA than normal weight peers, but no diffe-
rence was seen in accelerometer data. A review by Ellery et al. (2014) discussed 
several reasons why overweight subjects might respond differently (e.g., issues 
related to self-esteem, body image, and social desirability of PA) but there is not 
much objective research done on these issues. 
This result of the current thesis indicated a relatively strong association 
between TPAQ MVPA index and accelerometer derived MVPA in the over-
weight and obese group, and a significantly weaker association in normal 
weight group. In the current study thus, the overweight and obese group and 
their parents provided more “useful” questionnaire data: based on their reports, 
the objective MVPA was better predicted than in the normal weight group. 
We found that overweight and obese groups and the parentsʼ TPAQ over-
estimated the MVPA in relation to the normal weight group and their parents - 
or to put it different, MVPA was underestimated in the normal weight group as 
compared to the overweight and obese group. Despite the fact that by objective 
measurement the normal weight group was considerably more active in MVPA 
range (a difference of 12.8 minutes), the differences were much smaller in 
indexe based subjective estimates (3.1 minutes in self-ratings and 1.6 minutes in 
parental TPAQ; significant only inchildren TPAQ). Consequently, self-report 
questionnaires may lead to biased estimates when used to compare PA levels 
across BMI groups. The difference in objective MVPA was approximately 4 
times larger than in self-report, and approximately 8 times larger than in parent 
report. In relative terms, the overweight and obese group overestimated and/or 
the normal weight group underestimated their MVPA when filling out the 
questionnaires. This adds to the converging evidence that the weight status of 
participants should be taken into account if assessing PA using questionnaires. 
In addition, sedentary time was better predicted in overweight and obese group, 
and only very weak prediction was obtained in normal weight group. Tentati-
vely, this could be explained by sedentary time being perceived as more proble-
matic and thus being more noticeable and in overweight and obese children. 
The season has some effect on adolescentsʼ PA in this thesis; levels of PA 
tend to be higher in spring and summer and lower in winter (Kolle et al., 2009). 
In this paper, the season effect was not associated with children's and parentsʼ 
TPAQ MVPA indexes but there was a small yet significant correlation with 
accelerometer measured MVPA. In winter, boysʼ PA was lower than in spring 
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or autumn. The subjective reports appeared to be insensitive to seasonal varia-
tion in PA, although the questions specifically referred to the PA behavior in the 
last week. One reason for this finding could be that respondents took a long-
term perspective when answering to the questionnaire, focusing on their general 
behavior rather than on a specific week.  
In conclusion, the results of this thesis indicate a relatively poor agreement 
between PA questionnaires and objectively measured MVPA, which is insuf-
ficient for making individual level judgments, for example, about (in) suffi-
ciency of PA level. Furthermore, childrenʼs weight status may affect their 
reporting of PA, as well as parent reports. Questionnaire results in the over-
weight and obese group conformed better with the objective assessments of 
their MVPA than in the normal weight group. Therefore, the weight status of 
children needs to be taken into account when using questionnaires to assess PA. 
Parent reports were no better predictors of objective MVPA than self-reports, 
but parent reports predicted sedentary time better. Seasonal effects were found 
for objective assessments of MVPA but not in questionnaire based indexes, 
which may limit the comparability of objective and subjective assessment. Futu-
re studies must consider that the source of rating (child vs. parent), season, and 
child weight status are possible sources of confounding when using subjective 
assessments of PA. 
 
 
4.3. Tracking of physical activity in pubertal boys with 
different BMI over two-year period 
We found moderate tracking for PA assessed by accelerometers, or derived 
from parental or children TPAQ in 12–14-year-old normal weight and over-
weight or obese pubertal boys. The tracking of PA was not dependent on BMI 
group, with a few exceptions that may be due to chance. Parents TPAQ MVPA 
indexes tended to track better than both the objectively measured MVPA, and 
the childrens TPAQ MVPA indexes. We also found a decrease in both LPA and 
MPA and an increase in sedentary time (relative to total weartime) over the 
period of two-years, but a slight increase in VPA in the obese and overweight 
group. 
The finding of moderate tracking of MVPA is consistent with a number of 
other studies using either questionnaires (Corder et al., 2010; Telama, 2009) or 
objective measures (Corder et al., 2010; Kristensen et al., 2008; Nilsson et al., 
2009) in this age group. Some previous studies have shown better tracking for 
inactivity than for activity (Janz et al., 2000).  
In our study the tracking correlations of sedentary time were similar to those 
of LPA, MVP and VPA. Corder et al. (2010) found greater decline in MVPA in 
children with higher body fat over 12-month period. In contrast, we found no 
differences in tracking of MVPA between the BMI groups. The only interesting 
difference in tracking between BMI groups was lower tracking of VPA in obese 
and overweight group when comparing T2-T3; this result, if not chance finding, 
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may reflect increases in VPA in the overweight boys that were found in study. 
Increases in sedentary time are also consistent with earlier findings (Ortega et 
al., 2013) and may partly reflect increases in screen time that we saw in parental 
reports, as well as increasing time spent at school. 
It is known and discussed previously that objective measurement of PA im-
proves validity and avoids the recall bias associated with self-reported PA data 
(Nyberg et al., 2009; Telama, 2009). Better validity should, if other things being 
equal result in better tracking, but this were not seen in our study. In some 
cases, we even found an opposite pattern of results: the parens TPAQ MVPA 
index tended to track better than either children’s TPAQ MVPA index, or 
objectively measured MVPA. Does this really indicate better validity of parent 
reports? While in the absence of direct proof, indirect and conjectural evidence 
does not support a “yes” answer to this question. 
One could imagine questionnaire based measures as being a summary of a 
series of observations of behaviour. However, this is not the whole truth: other 
sources, such as stereotypes and schemas are known to influence both reports 
about the self and acquaintances. Generalisations about oneself and others can 
be stored in semantic memory, and accessed directly when responding to a 
questionnaire, with no need to get any specific behavioural observations in-
volved (Srull & Wyer, 1993). This means that once a parent has got the idea 
that their child is, for example, moderately active, they may respond to even 
quite specific questions based on just this general idea – leading to good 
tracking but not necessarily good validity. The same logic applies equally to 
self-reporting. It has been shown, though, that in periods of change, people tend 
to base their answers to generalised questions more on specific behavioural 
observations (Klein et al., 1997): therefore, one might expect better validity 
from PA questionnaires when the person is experiencing a significant change in 
their PA. 
Objective measures in our study showed a decline in PA, consistent with 
numerous previous results (Ortega et al., 2013). This was somewhat reflected 
also in parent TPAQ MVAP index: there was a 0.3%-point decline from T1 to 
T3, corresponding to an average decline of 2.3 minutes (0.3/100 × 771). In 
contrast, the objective measures showed a decline from 65 to 56 minutes, i.e., 
approximately 9 minutes. In summary, the change appears almost 4 times larger 
when measured by objective methods as opposed to parental TPAQ. In addition, 
children’s TPAQ showed no change in MVPA index over the two-years. This 
has important implications for use of questionnaires for indexing PA, especially 
when one attempts to measure a change. 
It has been suggested, that it is important to adjust the tracking correlation 
for possible confounders (such as wearing time and season variation) to have 
higher reliability of the results (Kristensen et al., 2008; Telama, 2009). In our 
study, the proportion of sedentary time correlation tracked better than the raw 
(untransformed) minutes of sedentary time correlation, indicating that tracking 
of sedentary time measured by accelerometer depends on accurate detection of 
the non-wear time. Studies indicate that seasonal variation affects tracking of 
47 
PA in pubertal boys (Nyberg et al., 2009; Telama, 2009) with tends to decreases 
in PA more in winter and in the presence of adverse weather conditions 
(Dumith et al., 2011; McKee et al., 2012). In the current study, season effects 
were, if anything, minimal because the T1 assessments were during the same 
time of year as the T2 and T3 assessments and the effect of measurement time 
was not significant. 
One of the confounding factors in studies like this might be the body mass. 
The tracking of body parameters (body height, body weight, BMI and body fat 
%) was high over one and two years in pubertal boys indicating that individual 
changes in body composition were not significant. It has been reported 
previously that BMI is moderately stable (rs varied from 0.29 to 0.53) over 22 
years in males through childhood into adulthood, while subjectively measured 
PA tracks less well (Herman et al., 2009). We found the body composition 
parameters to be fairly stable in 12–14 year pubertal boys in different BMI 
groups. 
Our results showed that objectively measured PA decreased over two-year 
period in pubertal boys and therefore, the subjects advanced to less activity during 
their pubertal period. This change was reflected in parent report, although 
appearing 4 times smaller than the objective change. In contrast, children’s self-
reports indicated, on the average, no change in MVPA. This makes it problematic 
to use questionnaires as a measure of change in PA, whether in longitudinal or 
intervention studies. Even if subjective assessments are validated with reference 
to objective measures, it has to be demonstrated that the former is sensitive to 
change. A significant and relatively large change in MVPA in two years found in 
the current investigation was not reflected in boysʼ self-reports, and was con-
siderably diminished in parent reports. Therefore, for this age group, it is not 
advisable to use self-reports as a measure of change in PA, and parent reports can 
only be used as a last resort, and with caution. 
Another implication of our study concerns the importance of LPA in 
characterising the change in PA. In two years, the light activity decreased from 
221 to 168 minutes, corresponding to approximately 24% of change. Both in 
absolute and relative terms, this change is larger than for MVPA, and has 
obvious implications for energy balance. Moreover, even if an increase in 
MVPA is achieved with an intervention, it is important to make sure that this is 
not counterbalanced by a much larger decrease in light activity. This finding is 
in line with the pivotal role of non-exercise activity thermogenesis in energy 
balance that is being stressed by several researchers (e.g. Levine, 2007). 
In conclusion, the tracking correlations of objectively measured PA and sub-
jectively measured PA were fairly similar across the 12–14-year-old boy’s weight 
groups over two-year period. Tracking correlations of objectively measured PA 
and subjectively measured PA were not significantly different over two-year 
period between both BMI groups. MVPA as assessed by parent reports tended to 
track better than both objectively measured MVPA and boysʼ self-reported 
MVPA; however, this does not indicate a superior validity of parent reports. 
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4.4. Physical activity levels and sedentary time as 
predictors overweight and obesity in boys during  
pubertal period 
We found that VPA was the most important factor from the measured PA inten-
sities if predicting overweight and obesity using both cross-sectional and longi-
tudinal approaches. Moreover, the boys who did not achieve about 60 minutes 
per day of MVPA with the inclusion of 10–14 minutes per day of VPA had an 
approximately 2.5 times increased risk of being overweight and 4.3 times 
increased risk of being obese in later adolescence compared to those boys who 
met the criteria. Sedentary time had no significant impact of predicting over-
weight and obesity either cross-sectionally or longitudinally. 
Puberty is a period when a decline in PA and increase in sedentary time 
usually occur (Ortega et al., 2013; Lätt et al., 2013). Therefore, especially at this 
time, it is important to pay attention to different kinds of activities to promote 
being physically active. There are few longitudinal studies that have investi-
gated how PA predicts overweight and obesity in later adolescence, and the 
results are contradictory. For example, an association between MVPA and body 
fat mass has been found (Kwon et al., 2013; Riddoch et al., 2009). In contrast, 
He et al. (2011) and Aires et al. (2010) found no longitudinal relationships 
between self-reported PA and being overweight. It was interesting to note that 
in our study, MVPA was not a good predictor of being overweight or obese, 
especially by the criteria of 60 minutes per day of MVPA. One of the reasons 
might be that the contribution of other factors (e.g. diet) has a stronger long-
term effect. It can therefore be suggested that the longitudinal prediction of 
obesity using PA is rather difficult. Therefore, if restricting PA activity analysis 
only on MVPA, the suggested beneficial amount would be at least 90 minutes 
per day, which could be considered an important result of the current study and 
it could be further suggested that the recent World Health Organization global 
recommendation for children and adolescents to participate in at least 60 minu-
tes per day of MVPA was not sufficient to predict being overweight or obese in 
later adolescence. It should be noted that the criteria of 60 minutes per day of 
MVPA should include VPA to have any significant impact on body-weight 
status. In the current study, the thresholds obtained from the ROC analysis 
suggested that 60 minutes per day of MVPA was sufficient if at least 10–14 
minutes per day of VPA was included. This is slightly less than in a cross-
sectional study by Martinez-Gomez et al. (2010), who indicated that in adole-
scent boys at least 20 minutes per day of VPA might have a major benefit in 
reducing body fat in this life period. Another important finding was that the 
prediction of VPA for being obese had stronger cross-sectional than longi-
tudinal prediction, while this tendency was not revealed for overweight. There-
fore, special attention must be paid to the increase of daily VPA because it 
seems that this type of activity level is most important in decreasing the risk of 
overweight and obesity. We found that those boys who did not meet the 5 and 
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20 minutes per day of VPA threshold criteria were about 3.5 times more likely 
to be overweight at baseline and about 4.0 times more likely to be overweight in 
two years at follow-up. The comparison of normal-weight boys with obese boys 
indicated that those boys who did not meet the 5 and 20 minutes per day of 
VPA thresholds were more likely to be obese by about 7.5–10.3 times at base-
line and 6.5–8.7 times at the two-year follow-up. These findings are in accor-
dance with previous studies. For example, Martinez-Gomes et al. (2010), Witt-
meier et al. (2008) and Ortega et al. (2007) found that VPA is the most impor-
tant factor for decreasing the possibility of being overweight. Based on the 
results of the current thesis, we could say that even a small amount of VPA 
(five minutes per day) plays an important role in being overweight or obese in 
later adolescence. As the tracking of VPA was quite high in our study, it could 
be argued that those boys who had a higher amount of VPA at baseline also had 
higher VPA at two-year follow-up. This finding has also an important relevance 
for everyday practice, indicating that the promotion of VPA in puberty probably 
has not only a short-term but also long-term effect. 
Although several previous studies have found that sedentary time in parti-
cular is associated with body weight status (Maher et al., 2020; Mitchell et al., 
2013), our study did not support those findings. Moreover, sedentary time did 
not predict longitudinally for being overweight or obese during puberty. Similar 
results have been found by Kwon et al. (2013) and De Bourdeaudhuij et al. 
(2013), with the latter indicated that only MVPA and not sedentary time was 
related to being overweight in 10- to 12-year-old European boys. Our study 
indicated that the impact of sedentary time remained insignificant even if the 
effect of PA was controlled. Therefore, the health-related effect of PA should 
rather be targeted for the increase of MVPA (the more VPA, the better) not for 
the decrease in sedentary time solely. 
In conclusion, the results of this thesis indicate that PA, especially VPA, is 
important for predicting overweight and obesity in boys during puberty. The 
effect of sedentary time was not significant, even after adjusting of PA. The 
results support the recommendation that boys should undertake at least 60 
minutes per day of MVPA, and they contribute to the recommendations sug-
gesting that a minimum of 15 minutes per day of VPA would be desired to 
reduce the risk of developing overweight and obesity in later puberty. Local 
government and healthcare specialists should pay particular attention (e.g. 
construct new playgrounds, facilities or parks where children can play safely; 
improve schools sport facilities, etc.) to increase PA, especially for VPA in 
order to prevent overweight and obesity in children. In addition to VPA and 
MVPA, LPA may also be of importance to public health: the largest longi-
tudinal decline was in LPA (50 minutes per 2 years).  
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5. CONCLUSIONS 
1. Pubertal boys underreported their moderate-to-vigorous physical activity 
(MVPA) with subjective ratings as compared to objectively assessed physi-
cal activity. Underreporting was more marked in active boys, whose daily 
MVPA was at least 60 minutes, and was not significant in less active boys. 
Subjective items referring to specific everyday activities (e.g., screen time) 
are likely to be more useful than items requiring large generalizations (e.g., 
sedentary time). 
2. Overweight and obese boys assessed subjectively their physical activity 
better compared to normal weight boys during the pubertal period. Parental 
subjective ratings predicted sedentary time better than boysʼ self-report but 
no difference was found for MVPA. The sources of rating, season, and 
weight status may be possible sources of confounding when using subjective 
assessments of physical activity. 
3. The objectively measured physical activity of the subjects decreased over 
two-year period. The tracking correlations of physical activity between 
objective assessment and subjective ratings of physical activity were similar 
across the two-year period in pubertal boys of different weight status.  
4. Vigorous physical activity is important for predicting overweight and obesity 
in boys during puberty. The boys who did not reach 60 minutes of MVPA 
per day with the inclusion of 10–14 minutes per day of vigorous physical 
activity had an approximately 2.5 times increased risk of being overweight 
and 4.3 times increased risk of being obese in later adolescence compared to 
those boys who met the criteria. Sedentary time had no significant impact of 
predicting overweight and obesity either cross-sectionally or longitudinally. 
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SUMMARY IN ESTONIAN 
Subjektiivselt ja objektiivselt mõõdetud kehalise aktiivsuse 
seosed normaal- ja ülekaaluga puberteediealistel poistel. 
Kehaline aktiivsus väheneb eluaaja jooksul ning sama-aegselt suureneb ka istu-
va eluviisi aeg. Uuringutes on leitud, et subjektiivsed kehalise aktiivsuse mõõt-
mise meetodid on mõõdukalt seotud objektiivselt mõõdetud kehalise aktiivsuse 
meetodidega, kuid see seos on pigem nõrk, ning subjektiivsed hinnangud pigem 
alahindavad kehalist aktiivsust. Käesoleva doktoritöö eesmärgiks oli uurida sub-
jektiivselt ja objektiivselt mõõdetud kehalise aktiivsuse seost normaal- ja üle-
kaalulistel puberteedieas poistel.  
 
Vastavalt uurimistöö eesmärgile püstitati järgmised konkreetsed ülesanded: 
1. võrrelda omavahel puberteediealiste poistel subjektiivseid ja objektiivseid 
kehalise aktiivsuse parameetreid; 
2. võrrelda normaal- ja ülekaalulistel puberteediealiste poiste lapse ja lapse-
vanema subjektiivseid kehalise aktiivsuse hinnanguid akseleromeetriga mää-
ratud kehalise aktiivsuse tasemetega; 
3. analüüsida normaal- ja ülekaaluliste puberteediealiste poiste objektiivselt ja 
subjektiivselt mõõdetud kehalise aktiivsuse muutust kahe aasta jooksul; 
4. uurida kahe aasta jooksul puberteediealistel poistel kehalise aktiivsuse seost 
ülekaalulisusega. 
Antud uuringus osalesid 11–14-aastased poisslapsed. Vaatlusalused jaotati 
kehamassiindeksi järgi normaal- ja ülekaalulisteks ning neid uuriti kahe aastase 
perioodi jooksul kolmel korral. Igal aastal toimusid mõõtmised samal aastaajal 
ning uurimispäeval määrati vaatlusalustel keha koostis ning samuti täitsid uuri-
tavad kehalise aktiivsuse küsimustikud. Seejärel kandsid nad aktseleromeetrit 
seitsme järjestikuse päeva jooksul. Lisaks täitis lapsevanem küsimustiku oma 
lapse kehalise aktiivsuse kohta sama uuritava perioodi kohta.  
 
Käesoleva doktoritöö põhjal tehti järgmised järeldused: 
1. Vaatlusalused alahindasid subjektiivselt mõõduka kuni tugeva kehalise 
aktiivsuse (MTKA) taset võrreldes akseleromeetriga määratud kehalise aktii-
vusega. MTKA alahindamine leiti aktiivsematel poistel, kelle igapäevane 
MTKA hulk oli vähemalt 60 minutit päevas, seevastu vähem aktiivsetel 
poistel usutavat seost ei leitud. 
2. Subjektiivselt määrasid oma kehalise aktiivsuse taset oluliselt täpsemini üle-
kaalulised vaatlusalused võrreldes normaalkaalulistega. Lapsevanema sub-
jektiivne hinnang ennustas oluliselt paremini lapse inaktiivsuse taset, võrrel-
des lapse enda subjektiivse hinnanguga, seevastu mingit erinevust lapse ja 
lapsevanemate hinnangutes ei leitud MTKA vahel.  
3. Subjektiivselt ja objektiivselt mõõdetud kehalise aktiivsuse muutus normaal- 
ja ülekaalulistel puberteediealistel poistel oli kahe aasta jooksul üsna sta-
biilne. 
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4. Tugeva kehalise aktiivsuse tase omab puberteedieas poistel kõige tugevamat 
seost ülekaalulisuse ja rasvumisega ning päevane liikumine peab sisaldama 
vähemasti 15 minutit tugevat kehalist aktiivsust 60 minuti MTKA hulgas, et 
vältida ülekaalu või rasvumist puberteedieas.  
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